Cobalt(II) and zinc(II) complexes of ethyl carbazate (ECZ), [Co(ECZ) 3 ](NO 3 ) 2 and [Zn(ECZ) 3 ] (NO 3 ) 2 , were synthesized. Single crystals of these two compounds were grown from aqueous solutions using a slow evaporation method. Their structures have been determined by X-ray diffraction analysis. Both of them are monoclinic with space group P2 1 /n. The complexes are further characterized by element analysis and IR measurements. Their thermal stabilities are studied by using TG-DTG, DSC techniques. When heated to 350 • C, only metal oxide was left for both complexes.
Introduction
Ethyl carbazate is an important chemical widely used in the syntheses of many medicines, herbicides, growth regulators of plants, germicides and insecticides. Ethyl carbazate has also been used to prepare various Schiff base metal complexes [1] with excellent antibiotic and anticarcinogenic activity. Recently, it has been considered as an energetic material for explosives due to its high enthalpy, incorrosiveness, low toxicity and good thermal stability [2] . The structural formula of ECZ is:
Since both hydrazine nitrogen atoms and the carbonyl oxygen atom in the molecule usually serve as electronic donor atom, ethyl carbazate can coordinate with some metal ions to form complexes with six coordination atoms and in octahedral configuration just like the compounds formed with carbohydrazide [3 -6] . However, there are no published documents about ethyl carbazate complexes. In this paper, the preparation methods, crystal structural characterizations, and thermal decomposition mechanisms are presented for cobalt(II) and zinc(II) complexes.
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Results and Discussion

Structures of title complexes
As a bidentate ligand, ECZ coordinates to the metal cations with its carbonyl oxygen atom and the terminal nitrogen atom of hydrazine to form an almost planar five-membered chelating ring. Each centrosymmetric unit cell of both complexes contains two formula units in the asymmetric units. NO 3 − ligands do not coordinate at the metal center, but are connected with the coordination kernel by electrostatic interactions and hydrogen bonds. The coordination number at the metal ion is six and the configuration is octahedral [7] . Two slightly different conformations were found in the asymmetric unit of the centrosymmetric unit cell of each complex.
Two groups of C4-O4-C5-C6 and C7'-O6'-C8'-C9' are disordered in the molecule of [Zn(ECZ) 3 ](NO 3 ) 2 (as shown in Fig. 2 ). Both of the spatial occupancies of the groups of -O4-C5-C6 and -O4A-C5A-C6A are 0.5. For the groups of -O6'-C8'-C9' and -O6'B-C8'B-C9'B, the occupancies are 0.735 and 0.265, respectively. The two conformations in each complex molecule are similar. In the molecule of [Zn(ECZ) [8] . As to the Zn-N bonds, the distance of Zn(1)-N(5) (2.115Å) is much shorter than the others. The average distance is 2.141Å, which is shorter than Zn-N(4) (2.193(4) Å) reported by Ibrahim et al. [9] in [Zn(tren) in an octahedral environment [10] . The average angles of N-Zn (1) [12, 13] (where LH is the unsubstituted salicyladoxime ligand) of 1.863Å and 1.871Å, respectively, which may be attributed to the difference in the coordination number [14] . The N-H groups in the complexes are involved in hydrogen bonds, the geometric data of which are shown in Table 2 . A recent study of amino acid structures suggested that three-center bonds tend to occur in 'proton deficient' structures, i.e. structures that lack active protons (O-H, N-H) to satisfy the normal hydrogen bonding requirements of acceptor atoms [14] . Such acceptor atoms are present in these two compounds in the form of the nitrate oxygen atoms. At the same time, the terminal NH group of the hydrazine moiety acts as the donor. 
Thermal analysis
The DSC and TG-DTG curves of the title compounds are given in Figs. 3 2 shows a small endothermic peak from 118 to 131 • C first, and the onset temperature is 125 • C. Accordingly, its TG-DTG curves as shown in Fig. 6 confirm a small mass loss process of about 36.0 wt-% in the range 104 -182 • C. This acute endothermal process might be presumed as a melting process of the compound, and beginning slow decomposition as well the disappearance of vaporized material from the molten samples with the flowing nitrogen atmosphere. They account for the slow mass loss. Then, the DSC curve indi- cates two continuous exothermal decomposition processes from 199 to 264 • C with two acute peaks at 240 and 251 • C. The total change of enthalpy from 238 to 255
• C is 410 kJ/mol. The corresponding mass loss processes also appear on TG-DTG curves continuously with two peaks at 217 and 233 • C. The total mass loss is 47.9 wt-% in the range 182 -250 • C. The final residue is ZnO as verified by IR absorption peaks at 1350, 725 and 500 cm −1 [15] . The remaining material amounts to 16.1 wt-%, which agrees very well with the calculated value of 16.2 wt-%. 2 , and this means that the cobalt complex is a more energy-rich material than the zinc complex. The exothermal decomposition of both complexes is very rapid, and the final residues are the corresponding metal oxides besides the gaseous products. Anyway, these two coordination compounds have some characteristics of explosives and they might be used as energetic materials or propellant components.
Experimental Section
Materials
Cobalt nitrate and zinc nitrate (analytical reagent) were commercial products and they were applied as aqueous solutions 15 wt-% for synthesis. Ethyl carbazate (m. p. 45 • C) was prepared as reported.
Physical techniques
The element analysis (C, H, N) was performed on an automatic element microanalyzer Flash EA 1112. The IR spectra were recorded in KBr pellets on a Bruker Equinox 55 FT-IR spectrometer, in the range of 4000 -400 cm −1 . The metal element contents and thermal stability of both complexes were measured by using Perkin-Elmer Pyris1 TG-DTG and DSC instruments. The heating rate was 10 • C/min under the nitrogen atmosphere with a flow rate of 20 ml/min. 2 was dripped into the ethyl carbazate solution within 20 min with continuous stirring. Then, the reacting mixture was kept at 60 • C for 20 min to complete the reaction. Finally, the solution was cooled to ambient temperature and no precipitates were formed. In order to get a pure solution, and to avoid bringing in some unknown impurity, the resulting solution was filtered and put into the culture utensil. After about 20 days in the oven at 25 • C, deep red sheet crystals of [Co(ECZ) [16] . Yield for [16 -18] .
Synthesis of [Co(ECZ)
X-ray crystallography
The diffraction data collection were performed on a Siemens P4 four-circle diffractometer using Mo-K α radiation (λ = 0.071073 nm) with a graphite monochromator, using ω-scans with θ limits 1. 2 , respectively. Empirical absorption corrections were applied. Both structures were solved by direct methods and refined by least squares on F 2 using the SHELXS-97 program. Full-matrix least-squares anisotropic refinements for all non-hydrogen atoms were completed with the SHELXS-97 program. Hydrogen atoms were placed at their geometrically calculated positions and refined
